Synthesis of PEG-COOH (
.1, (B)) (adapted from 2 ): 10.00 g of mPEG 5000 (2.00 mmol) (M n,GPC = 5.06 x10 3 ; Đ = 1.03) previous dried thought azeotropic distillation, 0.80g of succinic anhydride (8.00 mmol) and 0.50 g of DMAP (4.00 mmol) were dissolved in 40 mL of DCM and the reaction proceeded at room temperature for 12 h. The solvent was removed under reduced pressure and then the residue was dissolved in 50mL of water. The product was extracted 3 times with DCM (30 mL), and dried over anhydrous sodium sulfate. The solvent was evaporated and the mPEG-COOH was obtained as a white solid. 1 (DIC) (0.64 mmol) was added to the previous solution and the reaction proceeded at room temperature overnight. The product was filtrate, concentrated in the rotatory evaporator and then precipitated in a cold mixture of THF:ether (100:400 mL). The product was vacuum dried to obtain the product N 3 -PEG 5000 as a white powder. 1 
B. NVCL handling and purification
The NVCL monomer is a hygroscopic solid at room temperature (T m ~ 35 -38°C), and very sensitive to hydrolysis. 3, 4 The monomer purity was found to vary substantial among suppliers and even among batches from the same supplier ( 1 H NMR spectrum of the PNVCL in Annex E, Figure E.2 (a) ). The presence of monomer inhibitors, namely the N,N'-di-sec-butyl-pphenylenediamine and contaminants, contributes to an yellowish color of the monomer, which requires a careful purification. Several purification procedures reported in the literature were endeavored. In the first attempt, the monomer was distilled under reduced pressure to remove the inhibitors. [5] [6] [7] This procedure was proved to be ineffective since the monomer could easily degrade due to the high temperatures employed in the distillation (above 90 °C) ( 1 H NMR spectra of the degraded PNVCL in Annex E, Figure E .2 (b)) Other authors reported the recrystallization from hexane, 8, 9 but it was found to be ineffective to remove all the monomer impurities. Therefore, in order to remove the inhibitors without the degradation of monomer, the NVCL was dissolved in hexane, the solution was slightly heat above NVCL melting point (35 -38 °C), and then passed through a basic alumina column to remove the inhibitors. After recrystallization, the pure white crystalline monomer was filtered, vacuum dried and then stored at 4 °C. The presence of impurities was checked by 1 H NMR spectroscopy (Fig. S3 ). The peaks observed at 7.32 ppm (b, -CH-), 4.37 ppm (a, -CH 2 -), 3.52 ppm (c, -CH 2 -N-), 2.57 ppm (d, -CH 2 -CO-) and 1.64 ppm (e, -(CH 2 ) 3 -) are in agreement with the expected NVCL chemical structure.
In addition to the purity of monomer, for the RAFT polymerization of NVCL, all of the reagents and solvents should be in an anhydrous form in order to avoid undesired side reactions. It is reported that the presence of water traces in the system could lead to NVCL hydrolysis during the polymerization reaction. 10 As a consequence, the monomer may participate in two distinct and competitive reactions: the monomer addition or the monomer degradation (e.g. hydrolysis). These two distinct mechanisms are responsible for monomer consumption, but only the first generates the NVCL polymer. This issue is particular relevant for the synthesis of well controlled macromolecules, in which the polymer MW should increase linearly with monomer conversion. If the monomer is consumed in side reactions, rather than in polymerization, the final monomer conversion obtained by 1 H NMR spectroscopy, from the comparison of the polymer and monomer signals, will not be consistent with the evolution of the theoretical molecular weight (M n,th ). The hydrolysis of the NVCL monomer is a topic of discussion in some literature reports. 4, 10 The NVCL acidic hydrolysis leads to the formation of ε-caprolactam and acetaldehyde molecules (Fig. S4) . 10 In order to prove the existence of the NVCL degradation products in the polymerization reaction media, due to the possible presence of water traces, a simple experiment was carried out by mixing the monomer with the reaction solvent, 1,4-dioxane (99.8 % purity), at 60 °C. Samples from the initial mixture and the mixture after 1h at 60 °C were analyzed by 1 H NMR spectroscopy. The spectrum shown in Fig. S5 reveals the appearance of the acetaldehyde characteristic peak around 9.7 ppm (from the proton in the -CHO-aldehyde bound), and ε-caprolactam around 3.20 ppm, indicating the above supposition. Another direct evidence of the presence of the acetaldehyde in the mixture was the increase of pressure inside the reactor. The acetaldehyde has a boiling point around 20 °C, meaning that at experimental temperature (60 °C), it is gaseous leading to the increase of pressure inside the reactor. E. Characterization of polymer properties in solution F ig. S15: Percentage transmittance versus temperature plots (right) or number of cycles (left) for the aqueous solutions of the same PNVCL sample (1.0 mg.mL -1 ) synthesized through RAFT polymerization, for three heating and cooling consecutive cycles.
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